The prevalence and incidence of both obesity and disability are projected to increase in the coming decades. The authors examined the relation between obesity and disability in older adults from 6 Latin American cities participating in the Health, Well-Being and Aging in Latin America and the Caribbean (SABE) Study (1999)(2000). The sample included 6,166 participants aged 65 years or more. Data on sociodemographic factors, smoking status, medical conditions, body mass index (BMI; weight (kg)/height (m)
The World Health Organization (WHO) estimates that 650 million people live with a disability or impairment (1) . The WHO International Classification of Functioning, Disability and Health describes disability as ''the outcome or result of a complex relationship between an individual's health condition and personal factors, and the external factors that represent the circumstances in which the individual lives'' (2, p. 17) .
The number of people with disabilities is increasing because of population growth, aging, a rise in chronic diseases, and improvements in medical care. The prevalence of disability is a particular concern in developing countries, where access to rehabilitation services and treatment programs is limited. The WHO reports that 80% of persons with disabilities live in low-income nations and that most are poor (3) . Latin America is experiencing a significant increase in the proportion of persons aged 65 years or older (4) . Colombia, Costa Rica, Mexico, Guatemala, Peru, Brazil, and Chile are projected to experience increases of more than 200% in the number of persons over 65 years of age between 2008 and 2040 (5) . Persons aged 65 years or older are at highest risk for disability (5) .
Obesity is also a health concern in both developed and developing countries (6) . At a recent symposium on obesity in developing countries, Uauy et al. described ''the rapid demographic and nutritional transition'' (7, p. 893S) occurring in Latin America and indicated that the trend of increasing obesity would produce a corresponding rise in chronic disease and disability.
The association between obesity and mortality has been extensively investigated (8, 9) . The relation between obesity and disability is less understood, particularly in the developing world. Recent research has demonstrated relations between obesity, as measured by body mass index (BMI), and disability in older adults (10) (11) (12) (13) . Additional research is needed to better understand the association between obesity and disability in order to plan future prevention and service-delivery programs. This need is especially urgent in developing areas, such as Latin America, where substantial demographic changes in the number of older adults, the number of persons with disabilities, and the prevalence of obesity are occurring (4) .
We examined the relation between obesity and disability in older adults from 6 Latin American cities in the Salud, Bienestar y Envejecimiento en América Latina y el Caribe [Health, Well-Being and Aging in Latin America and the Caribbean] (SABE) Study (14) . We hypothesized that there would be a significant association between obesity and disability and that the association would be mediated by medical conditions.
MATERIALS AND METHODS

Sample
The SABE Study (14) was a cross-sectional representative survey of noninstitutionalized older adults living in 7 Latin American cities: Buenos Aires, Argentina; Bridgetown, Barbados; São Paulo, Brazil; Santiago, Chile; Havana, Cuba; Mexico City, Mexico; and Montevideo, Uruguay (15, 16) . Participants were selected on the basis of multistage cluster sampling. In each city, the primary sampling unit was a cluster of independent households within predetermined geographic areas. In all countries except Barbados and Brazil, the sample was chosen in 3 selection stages. In Barbados and Brazil, 2 selection stages were applied. Each sample consisted of 1,500-2,000 persons aged 60 years or older and their spouses. In total, 10,970 elderly men and women were interviewed during 1999-2000. The objective of SABE was to produce databases to evaluate demographic, socioeconomic, and health variables related to the emerging older population. Participants from Argentina were not included in our analyses, since anthropometric measurements needed to compute BMI were not taken there. The response rate for the cities varied from 65.3% in Montevideo to 95.3% in Havana, and the percentage of interviews completed by a proxy varied from 1.4% in Montevideo to 13.1% in São Paulo (15) .
We analyzed SABE data for subjects aged 65 years or older from 6 cities (n ¼ 7,371). Participants with complete data on measures of disability, BMI, and relevant covariates were included. We excluded 1,205 participants from the 7,371 interviewed; 830 had missing information on BMI or a BMI less than 15, and 375 had missing information on covariates. Excluded participants were older and more likely to be unmarried, to have less education, to have a lower BMI, and to have arthritis, stroke, or ADL disability. The final numbers of persons included in the analyses were 1,075 in Bridgetown, 1,352 in São Paulo, 859 in Santiago, 1,221 in Havana, 683 in Mexico City, and 976 in Montevideo, for a total of 6,166 participants.
Measurements
Disability was assessed using Katz et al.'s activities of daily living (ADL) scale (17) . Interviewers asked participants whether they had experienced difficulty with or needed assistance in performing the following activities: walking across a small room, bathing, dressing, eating, getting into and out of bed, and using the toilet. ADL limitations were dichotomized as having difficulty or no difficulty in performing 1 or more of the 6 activities.
BMI was computed by dividing weight in kilograms by height in meters squared. BMIs were grouped according to the following standards: <18.5 ¼ underweight, 18.5-24.9 ¼ normal weight, 25.0-29.9 ¼ overweight, 30.0-34.9 ¼ obesity category I, 35.0-39.9 ¼ obesity category II, and !40.0 ¼ extreme obesity (18, 19) . For the analyses, a BMI of 18.5-24.9 (normal weight) was used as the reference category.
Covariates
Sociodemographic variables included age (continuous), gender, years of formal education (continuous), and marital status (married ¼ 1, not married/widowed/separated ¼ 0). Smoking status was assessed by asking whether participants were current smokers, were former smokers, or had never smoked. The presence of chronic medical conditions was assessed by asking participants whether they had ever been told by a doctor or nurse that they had arthritis, diabetes, heart attack, hypertension, stroke, or cancer.
Statistical analysis
Data on participant characteristics were stratified by city and examined using descriptive statistics. Univariate comparisons based on continuous variables were conducted with 1-way analysis of variance, and comparisons involving categorical variables were conducted with chi-square tests. Logistic regression analysis was used to estimate the odds ratio for any ADL disability as a function of BMI, controlling for age and gender, for each city. We collapsed all participants with BMIs of 35 or more into 1 group because of the small number in each city. The homogeneity of BMI across cities, controlling for the effects of age and gender on ADL limitation, was assessed using Dyer's approach (20) . After the homogeneity effect was established (P ¼ 0.64), the relation between disability and BMI was tested jointly for all cities.
Two models were examined using the combined data. Model 1 included disability as the dependent variable with BMI as the independent variable and age, gender, education, marital status, smoking status, and city as covariates. In model 2, chronic medical conditions (arthritis, diabetes, hypertension, stroke, heart attack, and cancer) were added to the predictors included in model 1. To test whether the relation between BMI and ADL disability was mediated by medical conditions, we estimated the percentage reduction in the odds ratio (OR) in models with and without the proposed mediators (i.e., % reduction ¼ [(OR without mediators À OR with mediators/OR without mediators À 1) 3 100]) (21, 22) . To test whether ADL disability increased from normal weight to extreme obesity, we created linear orthogonal contrasts under logistic regression models for each city and tested them using the Wald chi-square test. To test the U-shaped relation between BMI and ADL disability for each city, we performed a quadratic contrast on BMI categories and quadratic functional form analysis on BMI as a continuous variable. Multiple imputation with the Markov chain Monte Carlo method was used to account for the nonresponse variables (23) .
To adjust for the sampling weights and design effects used in the SABE Study, we employed SAS survey procedures (SAS Institute Inc., Cary, North Carolina). All analyses were performed using SAS for Windows, version 9.1.3 (SAS Institute Inc.). Table 1 shows the sociodemographic and personal characteristics of participants. Mean ages ranged from 72.7 years (standard error, 0.42) in São Paulo to 74.8 years (standard error, 0.22) in Bridgetown. Female participants outnumbered males in every sample. The prevalence of ADL limitation ranged from 12.8% (Bridgetown) to 24.5% (Santiago). The mean BMI ranged from 24.2 (Havana) to 28.3 (Montevideo). The prevalence of category I obesity (BMI 30-<35) ranged from 10.4% (Havana) to 22.9% (Santiago), and the prevalence of category II and extreme obesity (BMI !35) ranged from 2.9% (Havana) to 15.7% (Montevideo). Arthritis and hypertension were the most prevalent medical conditions across all cities, with the exception of heart attack being more prevalent in Santiago. Females consistently reported significantly more ADL limitation and had higher rates of obesity than males. Figure 1 shows the BMI cumulative percentage for each city. The figure reveals similar patterns for each sample, with Havana showing a larger percentage of participants at lower levels of BMI. For example, 63% of participants from Havana had a BMI of 25 or less as compared with 50% of participants from Bridgetown. The cumulative percentage of ADL limitation for each city is shown in Figure 2 . Santiago had the highest proportion of subjects with ADL limitation, while Bridgetown had the lowest. Figure 3 displays the percentage of ADL limitation by BMI category for each city. The percentage of any ADL limitation for a BMI less than 18.5 ranged from 14.9% (Bridgetown) to 49.9% (Santiago); for a BMI greater than or equal to 35, the percentage of ADL limitation varied from 17.9% (Bridgetown) to 36.5% (São Paulo). In some samples (Bridgetown, São Paulo, Santiago, and Havana), there was a U-shaped relation between BMI and ADL limitation, with higher levels of disability among persons with low and high BMIs. However, this U-shaped relation was not statistically significant. The relations in data from Mexico City and Montevideo were characterized by flatter curves between BMIs of 18.5 and 35.0. Table 2 presents odds ratios for ADL limitation as a function of BMI category, controlling for age and gender. Participants from Havana and São Paulo with BMIs of 30 or higher and participants from Bridgetown with BMIs of 35 or higher were more likely to report ADL limitation. There was a statistically significant trend for increasing disability with increasing BMI only among participants from São Paulo and Havana.
RESULTS
We examined the homogeneity of the effect of BMI on ADL limitation (20) . The results indicated that the effect was homogeneous across all study sites. On the basis of this analysis, we examined the relation of BMI to ADL limitation in the combined SABE samples. The results from these analyses are presented in Table 3 . Model 1 included age, gender, marital status, education, smoking status, and city. In model 2, medical conditions were added to the predictors in model 1. Using a BMI of 18.5-<25 as the reference category, the smallest odds ratio associated with ADL limitation was found in participants with BMIs of 25-<30, and the highest odds ratio for ADL limitation was evident in participants with BMIs less than 18.5 or greater than or equal to 35, after controlling for all covariates (model 2). The mediating effect of medical conditions on the relation between BMI and ADL disability was significant only for a BMI of 35 or more (reduction of 23.2% in the odds ratio; P < 0.0001). To test the stability of this finding, we replicated the analyses using more conservative levels for ADL limitation based on difficulty in completing 2 of 6 ADL items and then 3 of 6 ADL items. Similar relations were found. Older age, female gender, former smoking, arthritis, heart attack, stroke, and cancer were factors significantly associated with ADL limitation, while participants with higher levels of education were less likely to report ADL limitation. Logistic regression analysis with imputed data was performed as a function of BMI category. The findings were similar to those obtained using original data without imputation, where participants with BMIs greater than or equal to 35 were at higher risk for ADL disability.
DISCUSSION
The incidence and prevalence of obesity and disability are projected to increase significantly in the coming decades (4, 24) . A recent report entitled An Aging World: 2008 (5) provided evidence that population aging has emerged as the major global demographic trend in the first decade of the 21st century. Seven of the 14 nations with the largest projected increases in numbers of persons aged 65 years or older are in Latin America.
The world's population aged 80 years or older is expected to increase 233% between 2008 and 2040, as compared with 160% for the population aged 65 or over and 33% for the total population of all ages (5). The increase in chronic disease and disability associated with the aging of the population, along with rising rates of obesity, will present major challenges to health care and social services worldwide.
Our results reflect these emerging challenges. We found rates of disability, as indicated by difficulty in performing basic ADLs, in 12.8%-24.5% of the people surveyed in 6 cities. The proportion of participants with a BMI greater than 30 ranged from 13.3% (Havana) to 37.6% (Montevideo). Multivariable logistic regression using the combined samples produced statistically significant odds ratios for ADL limitation of 1.63 for persons with a BMI greater than 35, after adjustment for sociodemographic variables, smoking status, medical conditions, and city. The odds ratio associated with a BMI greater than 35 was reduced by 23.2% (P < 0.0001) when medical conditions were added. This finding was not surprising given the established connection of obesity with diabetes, hypertension, stroke, and heart attack.
Our results suggest a multifaceted relation with disability involving age, gender, obesity, city, and other health conditions. The findings have implications for the development of prevention and intervention programs and suggest that attempts to reduce disability or obesity in isolation are likely to have limited success.
In 2005, the World Health Assembly approved the resolution ''Disability, Including Prevention, Management and Rehabilitation'' (25) . The WHO has also organized initiatives related to obesity and aging (3). In planning future programs for preventing or reducing disability, it will be important to include system-based interventions that recognize the complex nature of aging, obesity, and disability. The WHO initiatives for promoting community-based rehabilitation are positioned to address the multiple factors contributing to disability (25) . To maximize their effectiveness, community-based rehabilitation programs should incorporate factors contributing to disability in different settings and cultures.
Our findings suggest that community-based rehabilitation programs in developing nations should include a nutritional component to prevent/reduce obesity. Practitioners in these programs must be familiar with the social and cultural factors associated with obesity and disability in each country. For example, we found lower levels of obesity among older adults living in Havana as compared with persons from other SABE sites. If the lower level of obesity in Havana is found to be reliable, studies should be conducted to determine whether a similar pattern exists in younger persons and what factors are contributing to the lower BMI for participants in Cuba (more exercise, etc.).
Another area of potential interest is the prevalence of diabetes across countries. The prevalence of self-reported diabetes in this study ranged from 12.9% (Santiago) to 21.6% (Mexico City). Diabetes is directly related to diet and obesity and has a strong association with disability. The incorporation of diabetes management as a part of prevention programs or efforts to reduce disability is an important component of community-based rehabilitation programs and requires continued research.
This study had some limitations. First, because this was a cross-sectional study, it was not possible to determine the temporal sequence of BMI and ADL limitation. Second, information on disability was obtained by self-report and was subject to recall bias, particularly for the oldest participants. Third, data on comorbid conditions were obtained by self-report. However, other investigators have found good agreement between self-reported medical events and comorbid diseases or conditions (26, 27) .
The study's strengths included the collection of information from large, well-defined samples of persons living in 6 capital cities, generalizable to all older adults in the cities of origin. Most older people in Latin America and the Caribbean live in urban areas (28) . Over 70% of the older population in the region lives in cities (28) . Survey measures were similar across the data collection sites, allowing for direct comparisons. Data were collected by different groups of interviewers/examiners. However, all interviewers received similar training in the data collection and assessment procedures, and the procedures for measurement of BMI and disability were identical in each setting.
There is controversy in the literature regarding the most appropriate and sensitive measure of body mass and obesity in older adults and in persons from different racial and ethnic groups (29) . We selected BMI to assess obesity because it is the most commonly used measure and has been applied in prior studies examining Latinos (4, 6) . Other measures of obesity, including waist circumference and waist-to-hip ratio, may be more sensitive in older adults or persons with disabilities (29) . The ideal measure for use in older adults and persons with variation in anthropometric characteristics is a subject that requires continued research.
World Health Assembly resolution 58.23 supports the ''WHO member states in collecting more reliable data and to promote studies of incidence and prevalence of disabilities as a basis for the formulation of strategies for prevention, treatment and rehabilitation'' (25, p. 3). The results of this investigation contribute to the WHO resolution by providing information on disability and obesity from a broad international sample of Latino older adults. The findings will assist in planning future research designed to address the mission of the WHO Disability and Rehabilitation Action Plan for 2006-2011 (30) : to improve the quality of life for persons with disabilities and their families. 
